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CHARACTERISTICS, XY — VARIOUS CONTOUR HOD IFICATIONS
OF A 0.30-AIRFOIL—CHORD PLAIN FLAP ON AN NACA
66(215)~014 AIRFOIL

By Paul E, Purser and John M. Riebe
SUMMARY

Force~test measurements in two—dimensional flow
have been made in the NAGCA 4— .by 6—foot vertical tunnel
to determine the aerodynamic characteristics of an NACA
66( 215)—014 airfoil equipped with true—contour, straight—
contour, and beveled—trailing—edge flaps having chords
30 percent of the airfoil chord., The results are pre—
sented in the form of aerodynamic section characteristics
for several flap deflections and for a sealed and un—
sealed gap at the flap nose,

The slope of the lift curve, the effectiveness of
the flap, and the negative slopes of the hinge—moment
curves generally decreased as the trailing—edge angle
was lncreased, as the gap at the flap nose was opensd,
and as roughness was added to the leading edge of the
alrfoil,

The aorodynamic center of 1ift caused by changing
angle of attack moved forward as the trailing—edgs angle
was increased and as roughness was added to the airfoil
leading edge. The aerodynamic center of 1ift caused by
changling flap deflection tended to move forward when the
trailing—edge angle was increased and, wher roughness
was added to the airfoil leading edge, tended %to move
rearward for the true—contour flap, to remain unchanged
for the straight—contour flap, apd to move forward for
the beveled—trailing—edge flap.

The effects of beveled trailing edges on the charac—
teristics of a plain flap on a low-drag airfoil were not
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significantly differsent from the effects previously
noted for similar modifications on conventional air—
foils,

INTRODUCT ION

An extensive two—dimensional—flow investigation of
the serodynamic section characteristics of airfeils with
flaps has been undertaken by the NACA to determine the
types of flap arrangement best suited for use as control
surfaces and fto supply experimental data for design pur—
poses. The investigation has included modifications of
flap—nose shape, balance length, and gap size on a 29—
percent thick low—drag airfoil and on 9— and 15-percent—
thick conventional airfoils, Other modifications have
included the use of a straight—contour flap and a veveled—
trailing—edge flap. The results of some of these inves—
tigations were reported in references 1 t¢c 5. ZReference
6 has used the trailing—edge angle of the beveled—trail=.
ing—edge flap as a basis for correlation,

High—speed airplanes require the use of airfoil
sections with low peak pressures, such as low—drag sec—
tions, Tor %tail surfaces to alleviate the dnnger of shock
stalls In order %o extend airfoil profile alterations
to low—drag airfoil contours, tests have been made of
the NACA 66(215)~014 airfoil equipped with true—contour,
flat~contour, and beveled—trailing—edge flaps. Through—
out the present paper, the flap having the same contour
as the trailing edge of the baslic a2irfoil will be re—
ferred to as the ftrue-—contour flap, the flap having a
contour formed by straight lines drawn from the flap nose
arc %o the trailing sdge as the sirasighnt—contour flap,
and the flap formed by thickening and beveling the trail—
ing~edge portion of a straight—contour flap as the
beveled—traliling—edge flap.

APPARATUS AND MODEL

The tests were mgde in the NACA 4— Dby S5~foot verti-
cal tunnel described in reference 7. The test section



of this tunnel has haen converted from the original
open, circular, 5—-foot dlameter jet to a closed, rec—
tangular, 4— by 6—foot throat for force tests of models
in two—~dimensional flow. A three—component balance
system has been installed in the tunnel to measure 1lif%t,
drag, and pitching moments. The hinge moments of the
flap were measured from a gpecial torque—rod balance
built into the model. |

The 2—foot—chord by 4—foot—span model (fig. 1) weas
built of laminated mahogany to the NACA 66(215)-014
profile, (See table I.) The airfoil was equipped with
a true—contour flap and z beveled—trailing—edge flap
with chords 30 percent of the airfoil chord (0,30c).

The cusp of the true-—contour flap was filled in with
plasticine to form the straight—contour flap used in

part of the tests. 'The nose radius of each flap was
approximately one—half the airfoil thickness at the flap
hinge axis, and the flap gap was 0.002¢c. For the sgealed-
gap tests, a rubber sheet was connected between the nose
of the flap and the airfoil.

The model, when mounted in the tunnel, completely
spanned the test section and was attached to the balance
frame Dby torque tubes that extended through the sides
of the tunnel, The angle of attack was set from outside
the tunnel by rotating the torque tubes with an electric
drive.

TESTS

The tests were made at dynamic pressures of 11,25
and 15,00 pounds per syuare foot, which correspond,
respectively, to airspeeds of about 686 and 76 miles per
hour at standard sea—~level conditions., The effective
Reynoldds numbers of the tests were approximately
2,400,000 and 2,760,000, The effective Reynolds numbey -
is the product of the test Reynolds number and the tur—
bulence factor, which is 1,93 for the 4~ by 6~foot ver—
tical tunnel.

The three flap contours tested were set at flap deo—
flections from 00 to 30° in increments to 5%, including
anCadditional deflection of 2°, with the gap both sealed
and unsealed, J¥or each flap setting, the values of 1ift,



drag, pitching moment, and flap hinge moment were read
throughout the angle—of-attack range from negative stall
to positive stall, All readings were taken at incrsments
of angle of attack of 29, except near the stall where

the increment was reduced to 19,

Force tests were also mads at an angle of attack
of 0°, at flap deflections from 0° to 30° in inecrements
of 5° (including an additionsl deflection of 2°) in
order to provide a check for the tests previouwsly nen~
tioned and to obtaln data for measuring some of the
parameters without cross—plotting.

In order to determine the effect of a fixed transi-
tion point near the leading edge on the asrodynamic
characteristics, force tests were also made with surface
roughness extending back approximately 2,7 inches (o.11c)
from the airfoil leading edge., ‘The roughness consisted
of carborundum particles of the size and distributioen
referred to as standard roughness in reference 8.

The accuracy of the data is indicated by the devig—
tion from zero of the 1ift and moment coefficients at
an angle of attack of 0° with the flap neutral. The
maximum error in effectlve angle of attack at zero 1lift
appeared to be about +0,2°. Flap deflections were set
to within +0,.2°, Tunnel corrections, experimentally de—
ternined in the 4— by 6—foot vertical tunnel, were
applied only to 1ift. The hinge moments are probably
s8lightly higher than would be obtained in free air and,
consequently, the values presented are considered con-
servative. (See reference 9,) The increments of drag
should be reasonably independent of tunnel effect, al-—
though the absdlute values are subject to unknown tunnel
and turbulence corrections.

SYMBOLS

The coefficients and symbvols used in this paper are
defined as follows:

¢y airfoil section 1ift coefficient (1/wec)

cd, airfoil section profile drag coefficient (do/qc)

cm alrfoil section pitching—moment coefficisnt adbout
quarter—chord point of airfoil (m/qc®)



Chy flep section hinge-moment coefficient (h§/qee®)

where

i airfoil section 1ift

do airfoil section profille drag

m airfoil seection pitching moment about guarter—
chord point of airfoeil

he flap section hinge morent

c chord of basiec airfcif with flap neutral

cy flap chord

q dynamic pressure

and

Co angle of attack fer airfoil of infinite aspect
ratio, degrees

S flap defleetion with respect to airfoil, degrees

¢ trailing edge angle -~ included between sides whieh
faorm ftralling edge of flap, degrees,

Re affective Reynolds number

PRESENTATION OF RESULTS

The nerodynamic section characteristics of the NAGA
66( 215 )m014 airfoil fer a gap of 0.0C2c and for the gap
sealed are presented in figures 2 and 3, respectively,
for the 0,30¢ true—contour flap, in figures 4 and 5,
regpectively, fer the 0.30¢c straight—contour flap, and
in figures 6 and 7, ragpectively, for the 0,30c beveledw
trailing—-aedge flap.

A comparison of the aeredynamic section characteris—
tics at zero flap deflection with smooth and roughened



leading edge for the true—conbour, straight—contour, and
beveled—trailing—edge flaps is shown in figure 8 with a
gap of 0,002¢ and in figure 9 with the gap sealed. The
variation of the aerodynamic section charzctorisctics with
flap deflection for the true contour, straight—contour,
and bevecled~trailing—edge flaps with a smooth and roughened
leading edge at zero angle of attack is shown in figures
10 2nd4 11 with a gap of 0.,002¢c and with the gap sealed,
respectively.

Increments of section profile—~drag coefficient
caused by deflecting the flaps are given in figure 12
for the true—~contour flap, in figure 13 for the straipght-
contour flap, and in igure 14 for the beveled—trailing-
edge flap. Figure 1E shows the effect of Reynolds nunmber
on the airfocil with the true—contour flap at zero deflec—
tion with the gap sealed. ¢

The flap hinge—moment paraneters {Bchyfémééf and

(Bchf/asf)mo are shown in fjgure 16 as furctions of the

trailing—elge angle for a gap of 0.002¢c and Tor the gap

. sealed witk a smooth and roughened leading edge. The
various paramneters for the true—contour, straight—contour,

and beveled~tralling—-edge flaps, which are presented for

comparison in table II, are the values of slopes measuared

at an ansle of attack and a flap deflection of C°.

DISCUSSION OF RESULTS

Lifs

General shaps of 1ift curves.— The 1lift curves of
the straight—contour or beveled—trailing—edge Tflaps for
various flap deflections and for the gap open (figs, 4
and 6) or for the gap closed (figs. 5 and 7) havec tho
same general shape as the 1ift curves of the true—contour
flap for the gap open {fig. 2) or for the gap closed
(figz. 3), The gap—oven.and gap—sealed couditions have
different flap deflection ranges where the 1lift curves
approach the linear conditions. For the gap—open condi—
tions, some nonlinearily occurs for the 10~ and 15" flarg
defloctionsy whereas, for the gap—sealed condition, this
. nonlinearity is most ncticeable for the 15° and 20¢ filep




deflections., As the trailing—edge angle increases, the
range of flap deflections over which this nonlinearity
occurs tends to become larger when the gap is sealed
and. to remsain the same when the gap is open,

The angle of attack at which the alrfoil stalled
tended %o increase slightly as the trailing—edge angle
increased with the gap open but was approximately the
sane with the gap sealed., 4 comparison of figures 2 and
3 with the data of reference 1 indicates that the 1ift
curves for various deflections of the true—contour flap
for both the sealed and unsealed gap -on the NACA
66(215)~014 airfoil are more linear and indicate stall
at greater angles of attack than those of the NACA 66—009
airfoil.

Slope of 1ift curves.~ The slope of the 1lift curve
(Bcz/aaé " for the true-contour flap-was larger than

that for the straight—~contour or beveled~itrailing—edge
flap with the segled or unsealed gap. (See table II.)
The decrease inlf(bcz/bqggf for the three flap contours

that ocourred with increasing trailing-edge angle may be
attributed to the increased thickness of the after por—

tlon of the airfoil, which caused an increased deviatlon
in flow from the theoretical flow for thin airfoils., A

decrease in <bcz/6m35f also occurred for the three

flap-contours when the gap was unsealed. This trend
agrees gualitatively with the results for the NACA 0002,
0015, and 66~009 airfoils (references L to 5),.

Effectiveness of flap.— The effectiveness of the
flaps,{8m0/66f>cZ was greatest for the true—contour flap

and was approximately the same with the gap both sealed
and unsealed. As the trailing—edge angle increased, the
effectiveness decreased; and unsealing the gap further
reduced the flap effectivensess (table II).

With the gap unsealed 2ll flaps tested were ef-—
fective in producing posztlve increments of L1ift at all |
positive flap deflections within the unstalled range of
angle of attack, The flap effectiveness at zero angle
of attack and small flap deflections was greater with the
gap sealed than with the gap unsealed, but the increments



of 1ift for %the high flap deflections with the gap sealed
were very small or zero in part of the negative angle—
of~attack range., Although a drop in effectiveness occurred
at high flap deflections at negative angles of attack,

the drop in effectiveness with flap deflection at the
positive angle of attack was not so pronounced for the
¥ACA 66(215)~014 airfoil as for the NACA 65~009 airfoil
(reference 1) and 0015 airfoil (reference 5).

Slope of 1ift curves with controls free.— The paran—
eter (acz/amgah =0 (table II) is a measure of control-
oy f '

freo stability. The slope of the control—iree 1ift curve
was less than that of the coantrol-fixed 1if{ curve for
the true—centour flap with the gap oither sealed or un—
sealed, Yor the straight—contour flap the slope of

the 1ift curve with control free was smaller than with
control fixed for the sealed gap; whereas no change
oceurred Ior the open gap. The slupe of the control—
froo 1ift curve was larger than that of the control—fizxoed
lif¥ curve for the beveled-trailing—edge flap, being
greater when the gap was unsealcd than when soaled. Com—
parison of the data for the three flap contours shows an
increasc in _5c;/bm@chf= 0 with trailing—odge anglc.

It should be neted that these stabtements arc based on
slope values measured over a small angular range and thelr
use is therefore limited %to stadbllity calculations and
other applications which are concerned only with small
changes in angle of attack and deflection.

Effect of leading—edge roughness,.— The offect of

roughness on the airfoil leading edge was to decresase

the slope of the airfoil 1ift curves and the effective=
ness of the true-~contour, straight—céntour, and beveled-
trailing—edge flaps for the gap both sealed and unsealcd.
(See table II.) The presence of roughness on the airfoll
leading edge 414 not change the tendency of the open gap
and the increasecd trailing—edge angle to reduco tho

slope of the airfoil 1ift curve and the flap effectiveness.

With controls free the slepes of the 1ift curves were
larger with a roughoned lcading edge than with a smooth
leading odge in all cases except that of the true—contour
flap with gap sealed and the beveled—trailing—cdge flap
with gap unsealed. TFor the beveled—trailing—ecdge flap



with gap unsealed the presence of roughness resulted in
an unstable condition because both (échf/Bszf and

(Bchf/aﬁf)mo were positive,

The 1ift coefficient increased relatively linearly
with the flap doflections above 10° with either smooth
or roughened leading edge when the gap was sealed or un—
sealod (figs, 10 and 11). The general effect of rough—
ness, however, was to reduce the 1ift coefficient at a
given flap deflection and to reduce the mam:imum 1ift
coefficlient.

Effeoct of Roynolds number.-- An incrcase in effective

Reynolds number from approximately 2,400,000 to0 2,760,000
increased the maximum 1ift coefficient from 1.06 to 1.13
at positive angles of attack and from —1.01 %0 —1,20 at
negative angles of attack for the NACA 68(215)—-014 air—
foil with a true—contour flap at & = 0° with the gap

sealed, (See fig, 15.) Increasing the effective Reynolds
number caused a slight increase in the slope of the 1lifs
curve. The differences in the angles of attack for zero
1Lifv for the two tests is within the limits noted previe.
ously under "Tests" and is probably the result of errors
in setting the angle of attack or flap deflection,

Hinge Moment of TFilap

General shape of hinge-moment curves.— The curves

of flap section hinge moment plotted against angle of
attack (figs. 2 to 7) were not unusual except for the
breaks that occurred at the intermediate and high flap
deflections, These breaks, generally larger with the
gap sealed than with the gap unsealed, were probably the
result of flow separation over the flap.

Slope of hinge=snoment-~curves.— The hinge—poment

paiameters for the three flap contours with the gap
sealed and unsealed are given in tadble II, Because of
the nonlinearity of the hinge-moment curves over most of
the angle—of—attack range, the parameter (Bchf/bmasf

o] ; s
was measured at &8¢ = 0 and ag = 0° ovor the linear

range previously mentioned, Although this range is small,
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these values can be used for comparing the throe flap
contours and for stability computations; however, for 2
complete comparison the entire set of hinge-moment
curves must be taken into consideration.

Tho measured slope (achf/aaakf was zero fer tho

straight—contour flap with the gap unsceglod; however,
for tho gap both sealed and unsealed, (Bth/baqu

was nogative for the true—contour flap and was posifive,
showing an overbalance, for the beveled—traliling—edge
flap. (See Tigs. 8 and 9.) The value (bch_?/Bcoo)s+~

was more positive for the flaps with the larger tralling-
edge angles. This trend agrees gqualitatively with the
data of reference 4, bdbui the actual value of the change
is larger than that indicated Dy the curves of refer—
ence 6, :

Vezlues of the parameter (Bchf/asf>ab (figs. 10

and 11) were measured at flap deflections *rom 0° to 5°
because of the nonlineagrity of the flap section hinge—
moment curves throughout the flap deflection range., in
increase in trailing—edge angle produces a decrease in
the negative value of (achf/asf)ao for the gap sealed

or unsealed (table II), This trend also agrees with the
data of reference 4 but the actual values are again
larger than those indicated by the curves c¢f reference 6.

Bffcet of leading—edge roughness,— Tho effect of

leading edge roughness on the variation of (Bché/badsf
. R L
and (Bchf/bsf)a with trailing—edge angle and gap con—
o

dition for the 0.30c flaps on the NACA 66(215)-014 air—
foil (fig., 16) was to make both (Bchffamqbf and
(achf/asf)ao more positive. The presence of leading—
edge roughness did not alter the general tendency of
(achf/OQ;Bf and (achf/aﬁf>mo to become more positive
with increases in trailing—edge angle and with unseal-
ing tho gap.

Bffcct of Reynolds. number.—~ An increase in effective

Reynolds number from approximately 2,400,000 to 2,760,000
slightly increased the negative value of (achf/Bmgpf




11

for the true—contour flap at &5 = 0° with the gap

sealed (fig, 15), The difference in the values of the
hingo-moment coefficient at oo = 0° probably resulted
from errors in sebting the angle of attack and flap do—
flection,

Pitching Homent

The values of the parametors (acmfacl)&o and
(acm/bcz)sf, shown in table II, give the position of the

aerodynanlc center with rospect to the quarter~chord
point. When the 1ift was varied hy changing the angle
of attack at a flap deflection of 0°, the aserodynanmic
cenber of the smooth airfoil with a sealed gap was at
0e25¢ for the true—contour flap, 0.,22¢c for the straight~
contour flap, and 0.20c¢c for the beveled trailing—edge
flap, ©This trend agreses gualitatively with the results
in reference 4. With roughness on the leading edge, the
aerollynanic center moved slightly forward to 0.2&c for
the truewcontour flap, to 0,2lc for the straight—contour flan
zhad tdc0Clg8: for the bevelgd+trailing-edge flap, Un—
sealing the gap generally had little effect on the
position of the aserodynamic center. Increasing the efs
fective Reynolds number had very little effect on the
aerodynamic center o0f the airfoil with the sealed true—
contour flap at 8¢ = 0° (fig. 15).

The following table gives the position of the aero-
dynamic center of 1lift due to flap deflection?

Aerodynamic conter
Leading | True—~contour Straight—contour | Beveled~trailing—
edge flap flap edge flap
0.002¢ |Sealed | 0,002¢ | Sealed 0.002¢ | Seagled
gap gap gap gap gap gap
8mooth 0.,43c 0.41lc | 0,43¢ 0.42¢ C.408:1] 0,41¢c
Rough 46¢c 44dc JAde 42c .58 .38¢

With roughness on the leading edge, the aesr¢dynamic
conter of lift caused by flap deflection moved rearward
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about 0.03c for the true—~contour flap, refained un—
changed for the straight—contour flap, and moved 0.023¢
t0 0,0%¢ forward for the beveled—trailing—edge flap.

The position of the aerodynamic center of 1ift caused by
flap deflections is & function of the aspect ratio (rof—
erence 10) and moves toward the trailing edge as the
aspect ratio deereases., It can be seen that, if the
aerodynamic—center positiong are plotted against
(3chf/bm$kf and (bchf/3§f)mo there is a general irend

for the aerodynamic centers %o move forward as the
slopes of the hinge—moment curves become more positivo,

Drag

Because the turbulence of the 4— by 6—~foot vertical
tunnel made it impossidle for the low-drag condition %o
be roalized on the WACA 66(215)—014 airfoil and because
of the unknown tunnel correction, the measured values of
drag cannot be considered absolute and are not presented
in the present report. The incremental values, however,
should be relatively independent of tunnel effect, and,
therefore, increments of profile drag caused bty deflec—
tion of the true—contour, straight—contour, and beveled—
trailing—edge flaps are shown in figures 12, 13, and 14,
respectively, These increments were determined by de—
ducting the drag coefficidntiof the airfoil with the
flap neutral from the drag coefficlent with the flap de—
flected, with all other factors remaining constant. .o

For all three flap contours at ag = 0° and at

positive flap deflections above 120,, the increments ol
drag coefficient were larger with the gap unsealed than
with the gap sealed,

Comparison of figures 12 to 14 indicatves that de—
flecting the true—contour flap generally caused the
largest increment of drag; whereas deflecting the beveled—
trailing—edge flap caused the least increment. When the
data of figures 12 to 14 were compared on an equal 1lift—
increment basis rather than on an egual flap—deflection
basis, the true—contour flap still produced larger drag
increments than the other flaps over a range of aboutb
0.4 in Acy, Ddut the difference in the increments was

much less than shown in the figures,
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CONCLUSIONS

Tests have been made of the NACA 66(215)—014 air—
foll equipped with true—contour, straight—contour, and
beveled—trailing—edge flaps having chords equal to 30
percent of the airfoll chord. The effects that increas—
ing the trailing—edge angle had in decreasing the 1ift
over the airfoil trailing edge were notb significantly
different from the effects previously noted on conven—
tional airfoils and are contained in the following con—
clusions?

1, The slope of the airfoil 1ift curve was largest
with the secaled true—contour flap and decreased as the
gap at the flap nose was opened, as the trailing—edgo
angle was increased, and as roughness was added to the
ailrfoil leading edge, '

2. The slope of the 1lift curve with controls free
(zero flap hinge moment) generally increascd as the
trailizrg—odge angle increased and as roughness was added
to the airfoil lecading edge, The effect of the gap at
the hinge line varied with trailing-edge angle and with
the alddivion of roughnoss to the alrfoil lcading odge.

3. The effectiveness of the flap in producing 1if%
was greatest with the true—contour flap and generally
decreased as the gap at the flap nose was opened, as
the trailing—edge angle was increased, and as roughness
was addeld to the alirfoil leading edge.

4., The slope of the curves of hinge moment plotted
dgainst angle of attack at a flap deflection of 0° and
small angles of attack was approximately zero for the
straight—contour flap, negative for the true—contour
flap, and positive for the beveled—trailing—edge flap.
The negative slopes of the curves of hingemoment plotted
against flap deflection for all three flap conbtours de—
creased as the trailing—edge angle increased, as roughnoss
was added t0 the leading edge of the airfoil, and, for
the straight—contour and beveled—trailing—edge flaps, as
the gap at the flap nose was unsealed,

5, When the 1ift was varied by changing the angle
of attack at zero flap deflection, the aerodynamic center
of the smooth airfoil with a sealed gop nmoved forward as
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the trailing—edge angle was increased. Unsealing the
gap kad 1little effect on the aerodynanic center; whereas
the addition of leading—edge roughness moved the aero—
dynamic center forward 1 or 2 percent of the airfoil
chord, A% constant angle of attack the aerodynanmnic
center of 1ift caused by flap deflection also ternded to
move forward as the trailing-edge angle was increased.
Unsealing the gzap or adding rougkness at the airfoil
lcading edge tended to move the aerodynamic centor r2ar—
ward for the true—contour flap and forward for the
heveled~trailing—edge flap.

Langley Menmorial Aeronautical Laboratory,
Hetional Advisory Committee for Aerongutics
Langley Field, Va.
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TABLE 1
ORDINATES FOR NACA €6(215)-01¢ AIRFOIL

[Statlons and ordinates in percernt of alirfcil chordl

Station Upper Lowsar
surface surface
0 0 0
5] 1,036 -1, 036
.70 1,240 -1.240
1,25 1.,E35 —~1,5%5
2.5 2,08¢C -2,.080
5,0 2.880 —2,880
7.5 3.50¢8 —-%,5C8
10 4,048 —4, 043
15 4,904 —4,904
20 5,066 —5,.566
25 6.081 —-6,081
30 6.470 —6,470
35 6,748 —A . 748
40 6,920 —£,920
45 6,995 —£,895
50 , &,262 —-5.,9€2
55 ! 6,807 —6., 807
60 6,497 —~5,49%7
5] 5,978 -5,9%8
70 5.224 -5,224
7o 4,342 -4, %42
80 3,375 -3, 375
85 2,375 —~2,375
g0 1,389 -1,389
a5 D23 —~. 523
100 . 095 —, 0€5
L. E, radius: 1,206
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TABLE II

PARAMETER VALUES OF FLAPS OF 0,30c TESTED

ON THE NACA 66(215)—014 AIRFOIL IN THE

NACA 4~ BY 6—~FOOT VERTICAL TUNNEL

17

True— Straight— Beveled—
Leading contour centour trailing-
B flap; flap; edge flap;
Parameters edge Y - 19 =0 ch o= o
surface p="8 p=19.3 p =30
Gap, Gap, Gap, Gap, Gap, Ganp,
sealed |0, 002¢c [sealed |0, 002¢c |sealed |0, 002c
<aa3\ Smooth |-0,58 [-0.59 |-0,58 |-0,53% |~0,56 |-0,46
aaf . Rough —~. 56 —-.,53 —,55 |—,4P —, 43 -, 42
3 J%mooth ,bes| .084] ,090| ,085 .084| ,079
01\‘ :
<Em0/6f Rough .022| ,c88| ,084| ,081 . 080 077
(. '
Bcz\‘ | Smooth . 064 .051 , 087 ,085 .189 . 282
aab/chfz 1_Rough* . 059 . 062 . 091 ,091 .358{Diver—
gent
den\ Smooth . 005 .003| 028} ,032 . 045 . 058
&

\er/g I.Roughh .01z ,011| ,038| ,041 | ,082| ,082
e, Smooth | —,160| —.183| —,172{—,184 | —,159{ —,150
Bcl/ : "

% Rough | —,189| —,218| —,174/~,180 | —,132| —,125
dchg .fémooth —,0081|~.0088|~.0005|0 0049| . 0056
dap” 8 1_Rough ~.,0079|—. 0077 | .0008|.0C10 |..0057| ,0058
Ch,\ f )
£ Smooth |—, 01%4}|—, 0148 |-, 0076|—, 0059 |~, 0022 |~, 0010
s " Rough |-,0122|—,0140|~, 0052|~, 0036 |~.0008| , 0010
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Figure [-Details of 'flaps tested on NACA 66 (215)-014 aqirfoil
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ADVANCE CONFIDENTIAL REPORT

W IND—TUNNEL INVESTIGATION OF CONTROL-SURFACE
CHARACTERISTICS, XY — VARIOUS CONTOUR HOD IFICATIONS
OF A 0.30-AIRFOIL—CHORD PLAIN FLAP ON AN NACA
66(215)~014 AIRFOIL

By Paul E, Purser and John M. Riebe
SUMMARY

Force~test measurements in two—dimensional flow
have been made in the NAGCA 4— .by 6—foot vertical tunnel
to determine the aerodynamic characteristics of an NACA
66( 215)—014 airfoil equipped with true—contour, straight—
contour, and beveled—trailing—edge flaps having chords
30 percent of the airfoil chord., The results are pre—
sented in the form of aerodynamic section characteristics
for several flap deflections and for a sealed and un—
sealed gap at the flap nose,

The slope of the lift curve, the effectiveness of
the flap, and the negative slopes of the hinge—moment
curves generally decreased as the trailing—edge angle
was lncreased, as the gap at the flap nose was opensd,
and as roughness was added to the leading edge of the
alrfoil,

The aorodynamic center of 1ift caused by changing
angle of attack moved forward as the trailing—edgs angle
was increased and as roughness was added to the airfoil
leading edge. The aerodynamic center of 1ift caused by
changling flap deflection tended to move forward when the
trailing—edge angle was increased and, wher roughness
was added to the airfoil leading edge, tended %to move
rearward for the true—contour flap, to remain unchanged
for the straight—contour flap, apd to move forward for
the beveled—trailing—edge flap.

The effects of beveled trailing edges on the charac—
teristics of a plain flap on a low-drag airfoil were not

AT
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significantly differsent from the effects previously
noted for similar modifications on conventional air—
foils,

INTRODUCT ION

An extensive two—dimensional—flow investigation of
the serodynamic section characteristics of airfeils with
flaps has been undertaken by the NACA to determine the
types of flap arrangement best suited for use as control
surfaces and fto supply experimental data for design pur—
poses. The investigation has included modifications of
flap—nose shape, balance length, and gap size on a 29—
percent thick low—drag airfoil and on 9— and 15-percent—
thick conventional airfoils, Other modifications have
included the use of a straight—contour flap and a veveled—
trailing—edge flap. The results of some of these inves—
tigations were reported in references 1 t¢c 5. ZReference
6 has used the trailing—edge angle of the beveled—trail=.
ing—edge flap as a basis for correlation,

High—speed airplanes require the use of airfoil
sections with low peak pressures, such as low—drag sec—
tions, Tor %tail surfaces to alleviate the dnnger of shock
stalls In order %o extend airfoil profile alterations
to low—drag airfoil contours, tests have been made of
the NACA 66(215)~014 airfoil equipped with true—contour,
flat~contour, and beveled—trailing—edge flaps. Through—
out the present paper, the flap having the same contour
as the trailing edge of the baslic a2irfoil will be re—
ferred to as the ftrue-—contour flap, the flap having a
contour formed by straight lines drawn from the flap nose
arc %o the trailing sdge as the sirasighnt—contour flap,
and the flap formed by thickening and beveling the trail—
ing~edge portion of a straight—contour flap as the
beveled—traliling—edge flap.

APPARATUS AND MODEL

The tests were mgde in the NACA 4— Dby S5~foot verti-
cal tunnel described in reference 7. The test section



of this tunnel has haen converted from the original
open, circular, 5—-foot dlameter jet to a closed, rec—
tangular, 4— by 6—foot throat for force tests of models
in two—~dimensional flow. A three—component balance
system has been installed in the tunnel to measure 1lif%t,
drag, and pitching moments. The hinge moments of the
flap were measured from a gpecial torque—rod balance
built into the model. |

The 2—foot—chord by 4—foot—span model (fig. 1) weas
built of laminated mahogany to the NACA 66(215)-014
profile, (See table I.) The airfoil was equipped with
a true—contour flap and z beveled—trailing—edge flap
with chords 30 percent of the airfoil chord (0,30c).

The cusp of the true-—contour flap was filled in with
plasticine to form the straight—contour flap used in

part of the tests. 'The nose radius of each flap was
approximately one—half the airfoil thickness at the flap
hinge axis, and the flap gap was 0.002¢c. For the sgealed-
gap tests, a rubber sheet was connected between the nose
of the flap and the airfoil.

The model, when mounted in the tunnel, completely
spanned the test section and was attached to the balance
frame Dby torque tubes that extended through the sides
of the tunnel, The angle of attack was set from outside
the tunnel by rotating the torque tubes with an electric
drive.

TESTS

The tests were made at dynamic pressures of 11,25
and 15,00 pounds per syuare foot, which correspond,
respectively, to airspeeds of about 686 and 76 miles per
hour at standard sea—~level conditions., The effective
Reynoldds numbers of the tests were approximately
2,400,000 and 2,760,000, The effective Reynolds numbey -
is the product of the test Reynolds number and the tur—
bulence factor, which is 1,93 for the 4~ by 6~foot ver—
tical tunnel.

The three flap contours tested were set at flap deo—
flections from 00 to 30° in increments to 5%, including
anCadditional deflection of 2°, with the gap both sealed
and unsealed, J¥or each flap setting, the values of 1ift,



drag, pitching moment, and flap hinge moment were read
throughout the angle—of-attack range from negative stall
to positive stall, All readings were taken at incrsments
of angle of attack of 29, except near the stall where

the increment was reduced to 19,

Force tests were also mads at an angle of attack
of 0°, at flap deflections from 0° to 30° in inecrements
of 5° (including an additionsl deflection of 2°) in
order to provide a check for the tests previouwsly nen~
tioned and to obtaln data for measuring some of the
parameters without cross—plotting.

In order to determine the effect of a fixed transi-
tion point near the leading edge on the asrodynamic
characteristics, force tests were also made with surface
roughness extending back approximately 2,7 inches (o.11c)
from the airfoil leading edge., ‘The roughness consisted
of carborundum particles of the size and distributioen
referred to as standard roughness in reference 8.

The accuracy of the data is indicated by the devig—
tion from zero of the 1ift and moment coefficients at
an angle of attack of 0° with the flap neutral. The
maximum error in effectlve angle of attack at zero 1lift
appeared to be about +0,2°. Flap deflections were set
to within +0,.2°, Tunnel corrections, experimentally de—
ternined in the 4— by 6—foot vertical tunnel, were
applied only to 1ift. The hinge moments are probably
s8lightly higher than would be obtained in free air and,
consequently, the values presented are considered con-
servative. (See reference 9,) The increments of drag
should be reasonably independent of tunnel effect, al-—
though the absdlute values are subject to unknown tunnel
and turbulence corrections.

SYMBOLS

The coefficients and symbvols used in this paper are
defined as follows:

¢y airfoil section 1ift coefficient (1/wec)

cd, airfoil section profile drag coefficient (do/qc)

cm alrfoil section pitching—moment coefficisnt adbout
quarter—chord point of airfoil (m/qc®)



Chy flep section hinge-moment coefficient (h§/qee®)

where

i airfoil section 1ift

do airfoil section profille drag

m airfoil seection pitching moment about guarter—
chord point of airfoeil

he flap section hinge morent

c chord of basiec airfcif with flap neutral

cy flap chord

q dynamic pressure

and

Co angle of attack fer airfoil of infinite aspect
ratio, degrees

S flap defleetion with respect to airfoil, degrees

¢ trailing edge angle -~ included between sides whieh
faorm ftralling edge of flap, degrees,

Re affective Reynolds number

PRESENTATION OF RESULTS

The nerodynamic section characteristics of the NAGA
66( 215 )m014 airfoil fer a gap of 0.0C2c and for the gap
sealed are presented in figures 2 and 3, respectively,
for the 0,30¢ true—contour flap, in figures 4 and 5,
regpectively, fer the 0.30¢c straight—contour flap, and
in figures 6 and 7, ragpectively, for the 0,30c beveledw
trailing—-aedge flap.

A comparison of the aeredynamic section characteris—
tics at zero flap deflection with smooth and roughened



leading edge for the true—conbour, straight—contour, and
beveled—trailing—edge flaps is shown in figure 8 with a
gap of 0,002¢ and in figure 9 with the gap sealed. The
variation of the aerodynamic section charzctorisctics with
flap deflection for the true contour, straight—contour,
and bevecled~trailing—edge flaps with a smooth and roughened
leading edge at zero angle of attack is shown in figures
10 2nd4 11 with a gap of 0.,002¢c and with the gap sealed,
respectively.

Increments of section profile—~drag coefficient
caused by deflecting the flaps are given in figure 12
for the true—~contour flap, in figure 13 for the straipght-
contour flap, and in igure 14 for the beveled—trailing-
edge flap. Figure 1E shows the effect of Reynolds nunmber
on the airfocil with the true—contour flap at zero deflec—
tion with the gap sealed. ¢

The flap hinge—moment paraneters {Bchyfémééf and

(Bchf/asf)mo are shown in fjgure 16 as furctions of the

trailing—elge angle for a gap of 0.002¢c and Tor the gap

. sealed witk a smooth and roughened leading edge. The
various paramneters for the true—contour, straight—contour,

and beveled~tralling—-edge flaps, which are presented for

comparison in table II, are the values of slopes measuared

at an ansle of attack and a flap deflection of C°.

DISCUSSION OF RESULTS

Lifs

General shaps of 1ift curves.— The 1lift curves of
the straight—contour or beveled—trailing—edge Tflaps for
various flap deflections and for the gap open (figs, 4
and 6) or for the gap closed (figs. 5 and 7) havec tho
same general shape as the 1ift curves of the true—contour
flap for the gap open {fig. 2) or for the gap closed
(figz. 3), The gap—oven.and gap—sealed couditions have
different flap deflection ranges where the 1lift curves
approach the linear conditions. For the gap—open condi—
tions, some nonlinearily occurs for the 10~ and 15" flarg
defloctionsy whereas, for the gap—sealed condition, this
. nonlinearity is most ncticeable for the 15° and 20¢ filep




deflections., As the trailing—edge angle increases, the
range of flap deflections over which this nonlinearity
occurs tends to become larger when the gap is sealed
and. to remsain the same when the gap is open,

The angle of attack at which the alrfoil stalled
tended %o increase slightly as the trailing—edge angle
increased with the gap open but was approximately the
sane with the gap sealed., 4 comparison of figures 2 and
3 with the data of reference 1 indicates that the 1ift
curves for various deflections of the true—contour flap
for both the sealed and unsealed gap -on the NACA
66(215)~014 airfoil are more linear and indicate stall
at greater angles of attack than those of the NACA 66—009
airfoil.

Slope of 1ift curves.~ The slope of the 1lift curve
(Bcz/aaé " for the true-contour flap-was larger than

that for the straight—~contour or beveled~itrailing—edge
flap with the segled or unsealed gap. (See table II.)
The decrease inlf(bcz/bqggf for the three flap contours

that ocourred with increasing trailing-edge angle may be
attributed to the increased thickness of the after por—

tlon of the airfoil, which caused an increased deviatlon
in flow from the theoretical flow for thin airfoils., A

decrease in <bcz/6m35f also occurred for the three

flap-contours when the gap was unsealed. This trend
agrees gualitatively with the results for the NACA 0002,
0015, and 66~009 airfoils (references L to 5),.

Effectiveness of flap.— The effectiveness of the
flaps,{8m0/66f>cZ was greatest for the true—contour flap

and was approximately the same with the gap both sealed
and unsealed. As the trailing—edge angle increased, the
effectiveness decreased; and unsealing the gap further
reduced the flap effectivensess (table II).

With the gap unsealed 2ll flaps tested were ef-—
fective in producing posztlve increments of L1ift at all |
positive flap deflections within the unstalled range of
angle of attack, The flap effectiveness at zero angle
of attack and small flap deflections was greater with the
gap sealed than with the gap unsealed, but the increments



of 1ift for %the high flap deflections with the gap sealed
were very small or zero in part of the negative angle—
of~attack range., Although a drop in effectiveness occurred
at high flap deflections at negative angles of attack,

the drop in effectiveness with flap deflection at the
positive angle of attack was not so pronounced for the
¥ACA 66(215)~014 airfoil as for the NACA 65~009 airfoil
(reference 1) and 0015 airfoil (reference 5).

Slope of 1ift curves with controls free.— The paran—
eter (acz/amgah =0 (table II) is a measure of control-
oy f '

freo stability. The slope of the control—iree 1ift curve
was less than that of the coantrol-fixed 1if{ curve for
the true—centour flap with the gap oither sealed or un—
sealed, Yor the straight—contour flap the slope of

the 1ift curve with control free was smaller than with
control fixed for the sealed gap; whereas no change
oceurred Ior the open gap. The slupe of the control—
froo 1ift curve was larger than that of the control—fizxoed
lif¥ curve for the beveled-trailing—edge flap, being
greater when the gap was unsealcd than when soaled. Com—
parison of the data for the three flap contours shows an
increasc in _5c;/bm@chf= 0 with trailing—odge anglc.

It should be neted that these stabtements arc based on
slope values measured over a small angular range and thelr
use is therefore limited %to stadbllity calculations and
other applications which are concerned only with small
changes in angle of attack and deflection.

Effect of leading—edge roughness,.— The offect of

roughness on the airfoil leading edge was to decresase

the slope of the airfoil 1ift curves and the effective=
ness of the true-~contour, straight—céntour, and beveled-
trailing—edge flaps for the gap both sealed and unsealcd.
(See table II.) The presence of roughness on the airfoll
leading edge 414 not change the tendency of the open gap
and the increasecd trailing—edge angle to reduco tho

slope of the airfoil 1ift curve and the flap effectiveness.

With controls free the slepes of the 1ift curves were
larger with a roughoned lcading edge than with a smooth
leading odge in all cases except that of the true—contour
flap with gap sealed and the beveled—trailing—cdge flap
with gap unsealed. TFor the beveled—trailing—ecdge flap



with gap unsealed the presence of roughness resulted in
an unstable condition because both (échf/Bszf and

(Bchf/aﬁf)mo were positive,

The 1ift coefficient increased relatively linearly
with the flap doflections above 10° with either smooth
or roughened leading edge when the gap was sealed or un—
sealod (figs, 10 and 11). The general effect of rough—
ness, however, was to reduce the 1ift coefficient at a
given flap deflection and to reduce the mam:imum 1ift
coefficlient.

Effeoct of Roynolds number.-- An incrcase in effective

Reynolds number from approximately 2,400,000 to0 2,760,000
increased the maximum 1ift coefficient from 1.06 to 1.13
at positive angles of attack and from —1.01 %0 —1,20 at
negative angles of attack for the NACA 68(215)—-014 air—
foil with a true—contour flap at & = 0° with the gap

sealed, (See fig, 15.) Increasing the effective Reynolds
number caused a slight increase in the slope of the 1lifs
curve. The differences in the angles of attack for zero
1Lifv for the two tests is within the limits noted previe.
ously under "Tests" and is probably the result of errors
in setting the angle of attack or flap deflection,

Hinge Moment of TFilap

General shape of hinge-moment curves.— The curves

of flap section hinge moment plotted against angle of
attack (figs. 2 to 7) were not unusual except for the
breaks that occurred at the intermediate and high flap
deflections, These breaks, generally larger with the
gap sealed than with the gap unsealed, were probably the
result of flow separation over the flap.

Slope of hinge=snoment-~curves.— The hinge—poment

paiameters for the three flap contours with the gap
sealed and unsealed are given in tadble II, Because of
the nonlinearity of the hinge-moment curves over most of
the angle—of—attack range, the parameter (Bchf/bmasf

o] ; s
was measured at &8¢ = 0 and ag = 0° ovor the linear

range previously mentioned, Although this range is small,
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these values can be used for comparing the throe flap
contours and for stability computations; however, for 2
complete comparison the entire set of hinge-moment
curves must be taken into consideration.

Tho measured slope (achf/aaakf was zero fer tho

straight—contour flap with the gap unsceglod; however,
for tho gap both sealed and unsealed, (Bth/baqu

was nogative for the true—contour flap and was posifive,
showing an overbalance, for the beveled—traliling—edge
flap. (See Tigs. 8 and 9.) The value (bch_?/Bcoo)s+~

was more positive for the flaps with the larger tralling-
edge angles. This trend agrees gqualitatively with the
data of reference 4, bdbui the actual value of the change
is larger than that indicated Dy the curves of refer—
ence 6, :

Vezlues of the parameter (Bchf/asf>ab (figs. 10

and 11) were measured at flap deflections *rom 0° to 5°
because of the nonlineagrity of the flap section hinge—
moment curves throughout the flap deflection range., in
increase in trailing—edge angle produces a decrease in
the negative value of (achf/asf)ao for the gap sealed

or unsealed (table II), This trend also agrees with the
data of reference 4 but the actual values are again
larger than those indicated by the curves c¢f reference 6.

Bffcet of leading—edge roughness,— Tho effect of

leading edge roughness on the variation of (Bché/badsf
. R L
and (Bchf/bsf)a with trailing—edge angle and gap con—
o

dition for the 0.30c flaps on the NACA 66(215)-014 air—
foil (fig., 16) was to make both (Bchffamqbf and
(achf/asf)ao more positive. The presence of leading—
edge roughness did not alter the general tendency of
(achf/OQ;Bf and (achf/aﬁf>mo to become more positive
with increases in trailing—edge angle and with unseal-
ing tho gap.

Bffcct of Reynolds. number.—~ An increase in effective

Reynolds number from approximately 2,400,000 to 2,760,000
slightly increased the negative value of (achf/Bmgpf
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for the true—contour flap at &5 = 0° with the gap

sealed (fig, 15), The difference in the values of the
hingo-moment coefficient at oo = 0° probably resulted
from errors in sebting the angle of attack and flap do—
flection,

Pitching Homent

The values of the parametors (acmfacl)&o and
(acm/bcz)sf, shown in table II, give the position of the

aerodynanlc center with rospect to the quarter~chord
point. When the 1ift was varied hy changing the angle
of attack at a flap deflection of 0°, the aserodynanmic
cenber of the smooth airfoil with a sealed gap was at
0e25¢ for the true—contour flap, 0.,22¢c for the straight~
contour flap, and 0.20c¢c for the beveled trailing—edge
flap, ©This trend agreses gualitatively with the results
in reference 4. With roughness on the leading edge, the
aerollynanic center moved slightly forward to 0.2&c for
the truewcontour flap, to 0,2lc for the straight—contour flan
zhad tdc0Clg8: for the bevelgd+trailing-edge flap, Un—
sealing the gap generally had little effect on the
position of the aserodynamic center. Increasing the efs
fective Reynolds number had very little effect on the
aerodynamic center o0f the airfoil with the sealed true—
contour flap at 8¢ = 0° (fig. 15).

The following table gives the position of the aero-
dynamic center of 1lift due to flap deflection?

Aerodynamic conter
Leading | True—~contour Straight—contour | Beveled~trailing—
edge flap flap edge flap
0.002¢ |Sealed | 0,002¢ | Sealed 0.002¢ | Seagled
gap gap gap gap gap gap
8mooth 0.,43c 0.41lc | 0,43¢ 0.42¢ C.408:1] 0,41¢c
Rough 46¢c 44dc JAde 42c .58 .38¢

With roughness on the leading edge, the aesr¢dynamic
conter of lift caused by flap deflection moved rearward
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about 0.03c for the true—~contour flap, refained un—
changed for the straight—contour flap, and moved 0.023¢
t0 0,0%¢ forward for the beveled—trailing—edge flap.

The position of the aerodynamic center of 1ift caused by
flap deflections is & function of the aspect ratio (rof—
erence 10) and moves toward the trailing edge as the
aspect ratio deereases., It can be seen that, if the
aerodynamic—center positiong are plotted against
(3chf/bm$kf and (bchf/3§f)mo there is a general irend

for the aerodynamic centers %o move forward as the
slopes of the hinge—moment curves become more positivo,

Drag

Because the turbulence of the 4— by 6—~foot vertical
tunnel made it impossidle for the low-drag condition %o
be roalized on the WACA 66(215)—014 airfoil and because
of the unknown tunnel correction, the measured values of
drag cannot be considered absolute and are not presented
in the present report. The incremental values, however,
should be relatively independent of tunnel effect, and,
therefore, increments of profile drag caused bty deflec—
tion of the true—contour, straight—contour, and beveled—
trailing—edge flaps are shown in figures 12, 13, and 14,
respectively, These increments were determined by de—
ducting the drag coefficidntiof the airfoil with the
flap neutral from the drag coefficlent with the flap de—
flected, with all other factors remaining constant. .o

For all three flap contours at ag = 0° and at

positive flap deflections above 120,, the increments ol
drag coefficient were larger with the gap unsealed than
with the gap sealed,

Comparison of figures 12 to 14 indicatves that de—
flecting the true—contour flap generally caused the
largest increment of drag; whereas deflecting the beveled—
trailing—edge flap caused the least increment. When the
data of figures 12 to 14 were compared on an equal 1lift—
increment basis rather than on an egual flap—deflection
basis, the true—contour flap still produced larger drag
increments than the other flaps over a range of aboutb
0.4 in Acy, Ddut the difference in the increments was

much less than shown in the figures,
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CONCLUSIONS

Tests have been made of the NACA 66(215)—014 air—
foll equipped with true—contour, straight—contour, and
beveled—trailing—edge flaps having chords equal to 30
percent of the airfoll chord. The effects that increas—
ing the trailing—edge angle had in decreasing the 1ift
over the airfoil trailing edge were notb significantly
different from the effects previously noted on conven—
tional airfoils and are contained in the following con—
clusions?

1, The slope of the airfoil 1ift curve was largest
with the secaled true—contour flap and decreased as the
gap at the flap nose was opened, as the trailing—edgo
angle was increased, and as roughness was added to the
ailrfoil leading edge, '

2. The slope of the 1lift curve with controls free
(zero flap hinge moment) generally increascd as the
trailizrg—odge angle increased and as roughness was added
to the airfoil lecading edge, The effect of the gap at
the hinge line varied with trailing-edge angle and with
the alddivion of roughnoss to the alrfoil lcading odge.

3. The effectiveness of the flap in producing 1if%
was greatest with the true—contour flap and generally
decreased as the gap at the flap nose was opened, as
the trailing—edge angle was increased, and as roughness
was addeld to the alirfoil leading edge.

4., The slope of the curves of hinge moment plotted
dgainst angle of attack at a flap deflection of 0° and
small angles of attack was approximately zero for the
straight—contour flap, negative for the true—contour
flap, and positive for the beveled—trailing—edge flap.
The negative slopes of the curves of hingemoment plotted
against flap deflection for all three flap conbtours de—
creased as the trailing—edge angle increased, as roughnoss
was added t0 the leading edge of the airfoil, and, for
the straight—contour and beveled—trailing—edge flaps, as
the gap at the flap nose was unsealed,

5, When the 1ift was varied by changing the angle
of attack at zero flap deflection, the aerodynamic center
of the smooth airfoil with a sealed gop nmoved forward as
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the trailing—edge angle was increased. Unsealing the
gap kad 1little effect on the aerodynanic center; whereas
the addition of leading—edge roughness moved the aero—
dynamic center forward 1 or 2 percent of the airfoil
chord, A% constant angle of attack the aerodynanmnic
center of 1ift caused by flap deflection also ternded to
move forward as the trailing-edge angle was increased.
Unsealing the gzap or adding rougkness at the airfoil
lcading edge tended to move the aerodynamic centor r2ar—
ward for the true—contour flap and forward for the
heveled~trailing—edge flap.

Langley Menmorial Aeronautical Laboratory,
Hetional Advisory Committee for Aerongutics
Langley Field, Va.
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TABLE 1
ORDINATES FOR NACA €6(215)-01¢ AIRFOIL

[Statlons and ordinates in percernt of alirfcil chordl

Station Upper Lowsar
surface surface
0 0 0
5] 1,036 -1, 036
.70 1,240 -1.240
1,25 1.,E35 —~1,5%5
2.5 2,08¢C -2,.080
5,0 2.880 —2,880
7.5 3.50¢8 —-%,5C8
10 4,048 —4, 043
15 4,904 —4,904
20 5,066 —5,.566
25 6.081 —-6,081
30 6.470 —6,470
35 6,748 —A . 748
40 6,920 —£,920
45 6,995 —£,895
50 , &,262 —-5.,9€2
55 ! 6,807 —6., 807
60 6,497 —~5,49%7
5] 5,978 -5,9%8
70 5.224 -5,224
7o 4,342 -4, %42
80 3,375 -3, 375
85 2,375 —~2,375
g0 1,389 -1,389
a5 D23 —~. 523
100 . 095 —, 0€5
L. E, radius: 1,206
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TABLE II

PARAMETER VALUES OF FLAPS OF 0,30c TESTED

ON THE NACA 66(215)—014 AIRFOIL IN THE

NACA 4~ BY 6—~FOOT VERTICAL TUNNEL

17

True— Straight— Beveled—
Leading contour centour trailing-
B flap; flap; edge flap;
Parameters edge Y - 19 =0 ch o= o
surface p="8 p=19.3 p =30
Gap, Gap, Gap, Gap, Gap, Ganp,
sealed |0, 002¢c [sealed |0, 002¢c |sealed |0, 002c
<aa3\ Smooth |-0,58 [-0.59 |-0,58 |-0,53% |~0,56 |-0,46
aaf . Rough —~. 56 —-.,53 —,55 |—,4P —, 43 -, 42
3 J%mooth ,bes| .084] ,090| ,085 .084| ,079
01\‘ :
<Em0/6f Rough .022| ,c88| ,084| ,081 . 080 077
(. '
Bcz\‘ | Smooth . 064 .051 , 087 ,085 .189 . 282
aab/chfz 1_Rough* . 059 . 062 . 091 ,091 .358{Diver—
gent
den\ Smooth . 005 .003| 028} ,032 . 045 . 058
&

\er/g I.Roughh .01z ,011| ,038| ,041 | ,082| ,082
e, Smooth | —,160| —.183| —,172{—,184 | —,159{ —,150
Bcl/ : "

% Rough | —,189| —,218| —,174/~,180 | —,132| —,125
dchg .fémooth —,0081|~.0088|~.0005|0 0049| . 0056
dap” 8 1_Rough ~.,0079|—. 0077 | .0008|.0C10 |..0057| ,0058
Ch,\ f )
£ Smooth |—, 01%4}|—, 0148 |-, 0076|—, 0059 |~, 0022 |~, 0010
s " Rough |-,0122|—,0140|~, 0052|~, 0036 |~.0008| , 0010
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VIVN

= c=24" —

.002c-gap —

m (215) - 014 airfoil

———

_f\irfoil with frue-contour f/ap

b<——— 30c — ——> F<— 30¢c ——>

002c¢ qap \ . ) /_/'qusf/_'cene

f
seal 002¢ ga;{» Straight /me

Straight- contour flap Beveled- trailing- edge flap

Figure [-Details of 'flaps tested on NACA 66 (215)-014 aqirfoil
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